Objective: To assess the safety and efficacy of bladder irrigation for reducing the morbidity of bladder stones in patients with neurological lower urinary tract dysfunction (NLUTD). Methods: From June 2012 to July 2013, patients with NLUTD were prospectively randomized and assigned to either a bladder irrigation group or a no bladder irrigation group. Bladder irrigations were performed twice a week by urologists. Patients were followed up at 6 months respectively. Primary outcomes were Incontinence-Specific Quality-of-Life Instrument (I-QoL), the rate incidences of bladder stone. All adverse events were also noted. Results: A total of 80 eligible patients participated and 78 (97.5%) patients (bladder irrigation, n = 39; no bladder irrigation, n = 39) completed 24 weeks of follow-up. Out of the 78 patients, 19 (24.3%) developed bladder stones. All occurred in no bladder irrigation group. In 8 of the 19 patients (42.1%), stones were only detected by cystoscopy. The bladder stones were mostly thin with an eggshell appearance (78.95% for diameter of stone < 5 mm, 84.21% for volume of bladder stone < 0.2 cm 3 ). Bladder stones were removed by vigorous bladder irrigation guided by ultrasound (73.68%) or endoscopic lithotripsy (26.32%). The I-QOL was significantly better in the bladder irrigation group than in no bladder irrigation group at weeks 6, 12, 18, and 24 of follow-up. Conclusion: Bladder irrigation may be more effective and safer than no bladder irrigation for reducing the morbidity of bladder stone in spinal cord injury patients.
Introduction
Bladder stones are a common secondary urological complication in patients with spinal cord injury (SCI) [1] [2] . It can negatively affect patients' quality of life and cause a variety of complications, such as catheter blockage, urinary retention, autonomic dysreflexia (T6 and above), hematuria, recurrent urinary tract infections, and impaired renal function [3] . Although bladder stones can be surgically removed, preventive measures remain a challenge for urologists. The use of bladder irrigation is usually recommended to remove the encrustation or blood clots after urological surgery [4] . Sinclair and colleagues [5] concluded from a meta-analysis that bladder irrigation was not beneficial for patients. However, the including studies [6] - [10] focused less on SCI patients who undergo intermittent catheterization (IC) [11] which has become the standard procedure for managing neurogenic lower urinary tract dysfunction (NLUTD).
In this trail, we reported the 6 months of follow-up results of a randomized prospective trial to evaluate whether bladder irrigation help decrease the rate of bladder stone in patients with neurological lower urinary tract dysfunction (NLUTD).
Materials and Methods
From June 2012 to July 2013, 80 patients suffered from NLUTD at the urology department in Guangdong provincial work injury rehabilitation hospital were included in this study. Patients were randomized and assigned to either the regular bladder irrigation or no bladder irrigation.
A urology registrar, who was not participating in the procedure, enrolled the patients and assigned them to treatment based on a randomization schedule from random-number tables balanced in blocks of ten. The protocol was approved by hospital ethics committee.
Before this trail, all patients required two weeks training by a senior urological professional nurse, then perform skillfully on clean intermittent self-catheterization (CISC). The CISC was performed as follows: 1) Find a comfortable position; 2) Wash hands and genitals thoroughly with soap and water; 3) Hold the penis towards the umbilicus, and wash external urethral meatus with soap and a clean washcloth; 4) Rinse the 12F silicone catheters with warm water; 5) Slowly and gently insert the catheter into the urethra; 6) Keep the catheter in place until the flow of urine stops; 7) Slowly and gently withdraw the catheter ; 8) Clean and store the catheter. The frequency of IC is 4 -6 times per day; the bladder volume is below 400 ml [12] .
Bladder irrigation was carried out twice each week by senior urological nurses according to the following standardized protocol: 1) explain the reason and the procedure to the patient; 2) insert a two-way or three-way catheter (16F -22F) with using of aseptic technique; 3) Place blue sheet under the catheter and drainage bag connection, unsterile jug on bottom of trolley; 4) Clean catheter and drainage bag connection with chlorhexidine wipes, disconnect and wrap the drainage bag end in a chlorhexidine swab and if possible give to the patient to hold; 5) Use a Catheter tip 50 ml syringe and Sterile normal saline to irrigate the catheter by flushing in and drawing back to evacuate any clot or debris; 6) the intake volume should not exceed the patient's bladder safety volume according to urodynamics in order to protect the upper urinary tract; 7) empty each returned syringe directly into the unsterile jug on the bottom of the trolley; 8) bladder irrigation procedure was performed twice a week.
Patients were followed up at 6 months respectively. The outcome of this trail includes Incontinence-SpecificQuality-of-Life Instrument (I-QoL) [12] , the rate of bladder stone, symptomatic urinary tract infection (Symptomatic UTI), and other adverse event. I-QoL [12] at baseline and during weeks 2, 6, 12, 18, and 24 of follow-up. The I-QoL contains 22 items evaluating problems related to incontinence. Items are scored on a 5-point scale with values ranging from 1 (extreme) to 5 (not at all). Scores were then converted to a scale ranging from 0 (worst I-QoL) to 100 (best I-QoL). All patients underwent ultrasonography and abdominal radiographs by a consultant radiologist at weeks 4, 8, 12, 16, 20 , and 24 of follow-up. Symptomatic UTI [13] was defined as a positive urine microbiology test and presence of at least one of the following clinical features or symptoms with no other recognized cause: 1) Fever, a temperature higher than 38˚C; 2) New or increased burning sensation on urination, urgency; 3) New flank or suprapubic pain or tenderness; 4) Hematuria.
Data were recorded and analysized on a SPSS13.0 statistical program (SPSS, Inc., Chicago, IL). Student's t-test was used for comparison of related variables and results which was expressed in mean ± standard deviation. The chi-square test was used for categorical data. P < 0.05 was considered statistically significant.
Results
Eighty eligible cases were randomly assigned to bladder irrigation (n = 41) or no bladder irrigation group (n = 39). Two patients in the bladder irrigation group (C7 AIS A, T2 AIS A) were lost to follow-up at 1 month because they developed autonomic dysreflexia during the irrigation procedure .Therefore, a total of 78 (97.5%) patients (bladder irrigation , n = 39; no bladder irrigation, n = 39) completed 6 months of follow-up.
There was no statistical differences between the groups for any of baseline characteristics ( Table 1) . Out of a total of 78 patients, 19 (24.3%) developed bladder stones requiring medical intervention. All occurred in the no bladder irrigation group ( Table 2) . 8 (42.1%) bladder stones were not detected by either ultrasound or abdominal radiographs. The mean time period to stone development was 4.12 months of follow-up and ranged from 3.1 to 5.4 months. The bladder stones were mostly thin with an eggshell appearance. The stone diameter was less than 5 mm in 78.9% of the patients and the stone volume was less than 0.2 cm 3 in 84.2% of patients. Bladder stones were removed by vigorous bladder irrigation guided by ultrasound (73.6%) or endoscopic lithotripsy (26.3%) ( Table 3) .
The I-QOL scores were significantly better in the bladder irrigation group than those in no bladder irrigation group at weeks 6, 12, 18, and 24 of follow-up (P < 0.05) (Figure 1) . 
Comment
In the past 30 years, many alternative approaches have been advocated for the prevention of bladder stones in SCI patients. These include long-term antibiotic therapy, use of ascorbic acid to acidify the urine, increased fluid intake, and the use of silicone or antibiotic-coated catheters. Unfortunately, these approaches have met with only limited success. Clean Intermittent catheterization (CIC), self-or third-party, has been demonstrated to be safe and effective for SCI patients who are unable to empty their bladder [14] . It has been reported that 2% -5% [15] [16] of SCI patients with IC develop bladder stones. Interestingly, the incidence rate of bladder stones in our study was higher (19/78, 24.35%) than previous studies. The reasons were: 1) 6 of 19 (31.6%) patients with bladder stones were detected by routine mensual ultrasound examinations without any urinary symptoms because of sensory impairment and vesicourethral dysfunction. A recent study [17] also demonstrated that some (42.1%) bladder stones were detected by cystoscopy alone. Although cystoscopy is an invasive procedure, it is the "gold standard" [18] to detect bladder stones because noninvasive methods are less reliable in SCI patients. Ultrasound is the primary diagnostic imaging tool for detecting bladder stones. However, image quality may be poor because it is difficult for SCI patients to distend their bladder. Moreover, the distention of the bladder could cause autonomic dysreflexia or bacteremia in SCI patients [19] . Abdominal radiographs are also difficult to detect bladder stones because of small size of stones, abdominal gas, and the composition of bladder stones. In a landmark study, Linsenmeyerand co-workers [20] reported that only 13 of 62 (20.97%) bladder stones found during cystoscopy were detected by abdominal radiographs. Moreover, regarding the diameter and total volume of stones, the detection by x-ray in their series, was 14% for stones < 0.5 cm, and 0% for volumes < 0.2 cm 3 . According to our results, abdominal radiographs detected only 4 (21.05%) of the bladder stones. 3) 5 of 16 (31.25%) patients presenting with symptomatic urinary tract infections developed bladder stones. It is widely accepted that urinary tract infections, especially with urease-producing bacteria [21] , may lead to an increase in bladder stone formation. Favazza et al. [2] reported that 83% of SCI patients with bladder stones had a history of urinary infections. The lack of the stones composition is a limitation of our study, and requires further study.
Based on our results, bladder irrigation was superior to no bladder irrigation with respect to reducing the incidence of bladder stone formation; the 19 bladder stones occurred only in no bladder irrigation group. All l bladder stones could be removed by vigorous bladder irrigation guided by ultrasound or endoscopic lithotrypsy. The reasons we analyzed for the significant difference between the two groups were: 1) Although patients or their caregivers were instructed for IC, there was still difficult for them to empty bladder completely because of poor catheterization technique. Besides, changes in bladder function and bladder morphology, such as bladder trabeculations, bladder diverticulums, and deformity of bladder shape also lead to residual urine [22] ; 2) As the result of residual urine in the bladder, minerals in the urine would form various crystals which result in catheter obstruction and bladder stone formation. Moreover, inadequate emptying is usually associated with urinary tract infections, which are also the risk for the development of bladder stones. Our study shows that no catheter obstruction and 7.69% symptomatic UTI supported those bladder irrigations help not only to expel the crystals directly, but also reduce the incidence of urinary infection.
The I-QoL differed significantly between the groups at weeks 6, 12, 18, and 24 of follow-up (P < 0.05). The reasons are: 1) according to our trial, the patients in the bladder irrigation group showed greater improvement in I-QoL than those in no bladder irrigation group; 2) 17, 19 cases in no bladder irrigation developed catheter obstructions, bladder stones respectively, I-QoL from them were very low; 3) 3 patients with acute epididymoorchitis requiring medical intervention burden the questionnaire.
Lastly, this study focused on whether bladder irrigation led to reduce the morbidity of bladder stone in male SCI inpatients. The sample size was relatively small and the follow-up period was relatively short. Similarly, identification of patients who were at risk for developing bladder stones on the basis of age, degree of spinal cord damage, level of spinal cord injury, duration of spinal cord injury, fell outside the scope of this study. Moreover, the results of this study must be tempered with knowledge that such twice weekly bladder irrigation would increase the cost of treatment.
